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INTRODUCTION 

Short ly  a f t e r  publication of the a r t i c l e  r e f e r r e d  to,  wz had s o m e  
doubts about  the val idi ty  of the energy method used  to  d e t e r m i n e  the 
rate of damping in space  f r o m  the ra t e  of t ime  damping. 

A m o r e  complete.  ana lys i s  of the p rob lem s e e m e d  to  show, i n  fac t ,  
that  only f i r s t  o r d e r  t e r m s  ( in  ~ ' 1 2 )  were  appropr i a t e ly  ca lcu la ted ,  
w h e r e a s  t e r m s  of second o r d e r  ( i n  v )  contained possible  e r r o r s .  

T o  finally se t t l e  this  ques t ion  and, a t  the s a m e  t ime ,  give the exac t  
expres s ion  fo r  the spac ia l  damping coefficient,  i t  was  n e c e s s a r y  to 
r e p e a t  en t i r e ly  the calculat ion made  f o r  spac ia l  damping.  This  qui te  
long and de l ica te  calculat ion,  c a r r i e d  out by C a r r y ,  shows def ini te ly  
that  the second o r d e r  t e r m s  given by the  energy  method w e r e  i n c o r r e c t .  
Neve r the l e s s ,  the e r r o r  introduced in this  way was negligible f o r  a l m o s t  
all p rac t i ca l  c a s e s .  F o r  this  r e a s o n  La Houille Blanche, busy with o ther  
things,  asked  us  t o  suspend a publication which is nonessent ia l  and 
r e p e a t s  a previous one. However ,  the impor tance  of the quest ion was  
renewed with the publication by Miche of a work on the " P r o p e r t i e s  of 
Ocean and Labora to ry  Wave Tra ins"  which, f u r t h e r m o r e ,  was  r ecen t ly  
ana lyzed  by L a  Houille Blanche.  
c l a i m s  without f o r m a l  proof 
is i n  v and not i n  v1/2, and sugges t s  that  the f ac t  of having obtained a 
t e r m  i n  v1/2 r e s u l t s  f r o m  the u s e  of the ene rgy  balance method.  

In a note in his work  (page 9 3 ) ,  Miche 
that  the pr inciple  t e r m  i n  spac ia l  damping 

The  calculat ions of C a r r y  w h i c h a r e  independent of the ene rgy  
ba lance  method show that  that  is no t the  c a s e  and that  ou r  conclusions 
with r e s p e c t  to the ex is tence  and impor tance  of the t e r m  in  v'/2 r e m a i n  
unchanged;  when the speed of the wave on the bot tom becomes  appre -  
c iab le ,  this  t e r m  predominates .  The t e r m  becomes  negligible only 
when the depth is  g r e a t e r  than one-half the wave length and when, as a 
r e s u l t ,  the speed  on the bot tom is  l e s s  than a few pe rcen t  of the speed  
on the s u r f a c e .  

W e  bel ieve that  Miche ' s  e r r o r  r e s u l t s  f r o m  his omit t ing to  wr i t e  
that  t he  speeds  go to  z e r o  on the bottom. 
c o r r e s p o n d s  to  the usua l  hypotheses  of t heo r i e s  of viscous fluid flow. 

This  condition, as is known, 
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While Biese l  h a s  calculated the t i m e  damping of a wave,  i t  is  s o m e -  
t i m e s  useful to have the e x p r e s s i o n  f o r  s p a c i a l  damping;  the calculat ional  
s c h e m e  is the s a m e ,  but w e  shall r e p e a t  it f o r  the sake of c l a r i t y .  

We know that  t h e r e  e x i s t s  a c u r r e n t  function of the f o r m  $ = $1 t $2 ,  

w h e r e  $1 and + 2  sa t i s fy ,  respec t ive ly ,  

and 

The  e x c e s s  of p r e s s u r e  over  the hydros ta t ic  p r e s s u r e  is given by 
the total  different ia l ,  

d z -  - V l  d x ]  
6 2  

o r  with CDl being the conjugate function of $1, 

p = - p -  6 @ 1  + C '  . 
L bt 

F o r  the c a s e  of waves propagat ing in  a finite depth H,  $ c a n  be 
wr i t ten  in the f o r m ,  

$ = ( A  c o s h  az t B s inh  az t C c o s h  (3z 

w h e r e  the x axis coincides  with the f r e e  s u r f a c e ,  and the z a x i s  is  
perpendicular  to i t . ,  (3 is d e t e r m i n e d  f r o m  the r e l a t i o n ,  

i b  p 2 = a  + -  . 
V 

T h e  aim of our  study i s  t b  find the complex  n u m b e r s  a and 13, thus 
defining the function +. 

T h e  conditions which m u s t  be s a t i s f i e d  on the bot tom a r e  
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. 
and 

6+ -=  0 
b X  

fo r  

z = - H .  

I f ,  f o r  s implif icat ion,  we l e t  

L = cosh  aH,  

P = cosh  PH, and Q =  sinh PH, 

M = s inh  aH,  

these  conditions c a n  be wr i t ten  as 

(a)  AL - B M t  C P  - DQ = 0 

(b )  (AM- B L ) a  t ( C Q  - D P )  p = 0. 

If q (x )  des igna tes  the ord ina te  of the f r e e  s u r f a c e ,  one a l s o  h a s  

iax t ib t  
= - ia ( A t  C)  e 

6t z = o  

f r o m  which one finds 

a iax t ibt  
q t b ( A t C ) e  = o .  

F u r t h e r m o r e ,  the expres s ion  fo r  the p r e s s u r e  is 

iax t ibt p = - pgz - pb ( A s inh  a z  t B cosh a z )  e 

At the f r e e  s u r f a c e  ( z  = q), the no rma l  p r e s s u r e  should be z e r o  s o  
that  

- 0  6 2+ p t 2 p v  - - 6 X 6 Z  
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or 

The condition of z e r o  tangent ia l  f o r c e  is wr i t ten  as 

o r ,  using Equation ( 2 ) ,  

( d )  2Aa2v t ( Z a 2 v t  ib) C = 0. 

El iminat ing A, B, C ,  and D f r o m  the preceding equations gives  

2 a 2 v  L Ma 

0 - M  -\La 2 a 2 v  + i b  

ga 
i b  
- 2 a 2 v +  ib P Q P  

0 - Q  - P P  2 a p v  

= o .  

Solving this d e t e r m i n a n t ,  one ge ts  

-4a3v2P2QM t P [PMga + P L  ( 2 a 2 v  t ib) '  + 4 a ' v ' P L  

-4a 'v  ( Z a ' v t  ib)] -ga' QL - QMa ( 2 a 2 v +  ib)' = 0. 

Dividing by PL and rep lac ing  L,  M,  P, and Q by t h e i r  v a l u e s ,  one finds 
tha t  

- 4a 3v2  p' tanh a H  tanh PH + p llga tanh aH + ( 2a'v + ib)2i  

t 4 a 4 v 2  - ( 2 a ' v  t ib)] -gaZ tanh PH 
c o s h  a H  c o s h w  

- a tanh PH tanh a H  ( 2 a ' v  + ib)' = 0 .  

4a2 v 
( 3 )  

4 



. 

Equat ions (2)  and ( 3 )  c a n  be used t o  find a and p; p2, on the o r d e r  
of l / v ,  will  be v e r y  l a r g e  s o  that w e  c a n  set  tanh PH = 1 and c o s h  
PH =m. Thus Equat ion ( 3 )  becomes  

3 2 2  - 4 a  v p tanh a H  t P ( g a  tanh a H  - b2 t 4ib a 2 v  

4 2  t 8 a  v ) - ga2 - a tanh a H  ( 2 a 2 v t  ib)‘ = 0. 

Solving Equation (2)  f o r  p by a s e r i e s  expansion, we have 

Replacing p i n  Equation (4)  by this express ion ,  we get  

- 4a5v2 tanh  a H  - i  4a3v b t a n h a H  - g a 2  - a tanh a H  (2a2v t ib)2 

4 2  t 8a v ) = 0. 

Neglecting t e r m s  of o r d e r  g r e a t e r  than v1/2 , this  b e c o m e s  
( 6 )  

( tanh  a H  ga - b2) - ga2 t a tanh a H  b2 t i) 
v1/2 Jz- 

4 c  
t ( tanh a H  ga -b2)  

( 1  t i) 
fl 

A solut ion for  a is looked f o r  of the f o r m  

a = c1 t c 2 v 1 / 2  t ~ 3 v  t . . . 

Noting that  

and equat ing the d i f f e r e n t  powers  of v i n  Equation ( 6 ) ,  we have the t h r e e  
equa t i  on s : 
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gC1 tanh C1 -b2  = 0, 

and 

cosh2 C1H 
( i  - 1) - 2  gClC2 t b2. C2 tanh CIH t 

4 b3h C; 
T 

(C3H - CfH2 tanh  C1H) C tH 
cash' C1H cosh2.ClH gc1  

t gC3 tanh ClH = 0. 

As i s  known, the wave number  a = 2 r / L  of waves  of angu la r  f r e -  
By analogy we 

1 
quency b in  a pe r fec t  fluid is given by g a  tanh ah = b2. 
sha l l  u s e  h e r e  the notation C1 = a ,  but i t  m u s t  be emphas ized  that  a 
does  not r e p r e s e n t  the s a m e  concept  f o r  waves  in v iscous  f lu ids .  

Thus, we have 

$2- (1  - i) a' 
I c( s inh  2aH t 2aH) 

c -  - 

and 

1 s inh  2aH t 
s inh  2aH t 2aH 

4ia3 
c3 = - 

b (2aH t 2 s inh  2aH) 

1 2 s inh  aH cosh3 aH 
( s inh  2aH t 2aH)2 

f r o m  which 

2 ( 1  - i )  a v  a = a[1 A t / !  s inh  2aH t 2aH - i4 b (2aH t 2 s inh  2aH) 

( 7 )  
1 2 s inh  a H  cosh3  a H  

( s i n h  2aH t 2aH)2 
t s inh  2aH t 2aH 

and 

h 



F r o m  Equat ion ( 7 ) ,  the f o r m u l a  giving the damping law as a function 
of d i s tance  t rave led  c a n  be wr i t ten  a s  

2h = 2h0 exp s inh  2aH - 2  t 2aH [,$st (9) ( s i n h 2 a H  

1 2 s inh aH cosh3 aH 
sinh 2aH t 2aH ' ( s inh  2aH + 2aH)2 

Before compar ing  this  fo rmula  to that  obtained by B iese l  using the 
ene rgy  method,  a p r e l i m i n a r y  r e m a r k  m u s t  be m a d e  on the definit ion 
of a and b. 

In the c a s e  of damping i n  t ime  and not in  space ,  t r ea t ed  "in extenso ' '  
by B iese l ,  the wave length,  L, was  defined unambiguously,  allowing 
the de t e rmina t ion  of a f r o m  the formula ,  

b was  then  defined f r o m  a :  

b = J a g  tanh a H -  . 

F o r  the c a s e  of spac ia l  damping,  the concept of wave length is 
no  longer  obvious s ince  the prof i le  of the wave a t  a given t ime  is no 
longer  per iodic  in  s p a c e ,  the  ampli tude dec reas ing  f r o m  one c r e s t  to  
ano the r .  
t o  p roceed  m o r e  rat ional ly  s t a r t i ng  f r o m  the per iodici ty  i n  time. 
l a t t e r  is f r e e  f r o m  ambiguity.  Thus ,  we have taken 

a could be defined a s  the r e a l  p a r t  of a,  but we have p r e f e r r e d  
The  

and have  defined a as the  solution of 

b = J a g  tanh aH . 

In this  way,  we avoid talking of a wave length that  does  not co r re spond  
t o  a n  obvious physical  r ea l i t y ,  as  Biese l  avoided speaking of a per iod 
in  his a r t i c l e ,  

T h u s ,  the definit ions of a and b cannot automatical ly  be t r ansposed  
f r o m  the t ime  damping c a s e  to  the spac ia l  damping c a s e ;  s t r i c t ly ,B iese l  
would have  had to  have given the definit ions of these  quant i t ies  a t  the  

7 



s a m e  t ime as the l a s t  f o r m u l a  of h i s  a r t i c l e .  
the var ious  definit ions that can  be logically cons idered  differ  by 
quant i t ies  of the o r d e r  of v1/2. 

t ion used,  only t e r m s  i n  v in the damping f o r m u l a  should be affected 
by the choice of definit ions of a and b. 

F u r t h e r m o r e ,  note that  

As a r e s u l t ,  to the o r d e r  of approxima-  

Thus,  the d i f fe rences  that can be noted between the t e r m s  in  v in 
our  formula  and that of Biese l  can  be par t ia l ly  explained. 
t h e r e  ex is t s  another  possible  c a u s e  for  the d i f fe rence  in the es t imat ion  
of the r a t e  of energy  propagat ion;  the l a t t e r  m a y  be effected by the 
viscosi ty ,  t h e  m o s t  impor tan t  t e r m  in the e x p r e s s i o n  f o r  this effect  
being probably of the o r d e r  of v1/2. S t r ic t ly ,  it would be n e c e s s a r y  t o  
understand this  modification t o  per fec t  B i e s e l ' s  e n e r g y  method and to  
obtain c o r r e c t l y  the t e r m s  of the o r d e r  of v.  

However ,  

Ultimately,  i f  one wanted to  obtain the t e r m s  in  v 
method,  i t  would be n e c e s s a r y  to  compl ica te  the method and,  in  doing 
so,  take away the s impl ic i ty  that i s  i t s  p r i m a r y  advantage.  

using the e n e r g y  

The c o m p a r i s o n  between our  f o r m u l a  and that of B i e s e l  is c la r i f ied  
by the preceding r e m a r k s .  
v1/2 is c o r r e c t l y  given by the energy  method w h e r e a s  the t e r m  in  v 
i n  e r r o r .  

Such a c o m p a r i s o n  shows that  the t e r m  i n  
is 

The  p r a c t i c a l  i m p o r t a n c e  of the d i f fe rences  between the two f o r -  
m u l a s  i s ,  never the less ,  not g r e a t ,  s ince:  

1) 
2) 

F o r  l a r g e  r e l a t i v e  depths  the d i f fe rence  d i s a p p c a r s .  
F o r  m o d e r a t e  depths  ( l e s s  than a half wave length)  the differ-  
ence  in the t e r m  i n  v is  small and ,  f u r t h e r m o r e ,  the t e r m  v1/2 

p redominates .  
F o r  v e r y  small r e l a t i v e  depths  the t e r m  i n  v b e c o m e s  the m o s t  
impor tan t ,  and the asymptot ic  va lues  a r e  d i f fe ren t ,  the  damp-  
ing being 

3 )  

2h = 2h0 exp -($) a x ]  = 2h0 ex.[% 8bH2 a x ]  

instead of 

In any c a s e ,  it is i m p o r t a n t  to note that the method used  cannot 
give s u r e  r e s u l t s  for  these  o r d e r s  of magni tude ,  s i n c e  the a s s u m p t i o n s  



made dur ing  the calculat ion imply that v is v e r y  small and tha t  h is  
not too small (hypothesis  P /Q = 1).  
by B iese l  show that  that  d i f fe rence  is significant only fo r  l iquids  with 
v iscos i t ies  much  g r e a t e r  than that of water  o r  f o r  v e r y  small r e l a t ive  
depths  (on  the o r d e r  of 1 / 6 0  of a wave length).  

But the n u m e r i c a l  examples  given 

Thus ,  the gene ra l  conclusions of B i e s e l ' s  a r t i c l e  r e m a i n  tenable ,  
a t  l e a s t  qual i ta t ively.  
not too l a r g e ,  the damping is linked par t icu lar ly  to  the t e r m  in v1/2. 

This  is i n  contradict ion to the s t a t emen t  of Miche on page 93 of h i s  book, 
P r o p r i e t e s  d e s  T r a i n s  d 'Ondes Oceaniques e t  de Labora to i r e  ( P r o p e r t i e s  
of Ocean and Labora to ry  Wave Trai-ns),  edited by COEC. 

In p a r t i c u l a r ,  i t  is t r u e  that  in  depths  that  a r e  

T o  f in i sh  the calculat ion we sha l l  look f o r  the expres s ion  fo r  the 
c u r r e n t  function, +. Equation (d) gives  

A = - - ( l + - $ - )  C . 
2 

Equat ions  (a )  and (b )  give 

Aa t C [a  cosh  aH cosh  PH -P  s inh  PH s inh  a d  D =  
a cosh  a H  s inh  PH - P sinh PH s inh  aH 

and 

CP t a [P cosh  PH cosh  a H  - a sinh aH s inh  PH] B =  p cosh  PH sinh aH - a cosh a H  s inh  PH 

Inse r t ing  A, B, and D in  Equation ( l ) ,  we get  

9 





DISTRIBUTION 

. Defense Documentation Cen te r  
C a m e r o n  Station 
Alexandr ia ,  Vi rg in ia  223 14 

Cen t ra l  Intel l igence Agency 
ATTN: OCR/DD- Standard 

Washington, D. C. 20505 
Dis t r ibu t ion  

F o r e i g n  Science and Technology 
Cen te r  , USAMC 

ATTN: M r .  Shapiro 
Washington, D. C. 20315 

NASA Scientific & Technica l  Information 
F a c i l i t y  

ATTN: Acquis i t ions Branch  (S-AK / D L )  
P . O .  Box 33 
College P a r k ,  Maryland 20740 

Divis ion of Techn ica l  Information 

P. 0. Box 62  
Oak Ridge ,  T e n n e s s e e  37830 

Extens ion ,  USAEC 

F o r e i g n  Technology Divis ion 
ATTN: L i b r a r y  
W r i g h t - P a t t e r s o n  Ai r  F o r c e  B a s e ,  

Ohio 45400 

USACDC-LnO 

MS-T, M r .  Wiggins 

AMSMI- D 
- X E ,  M r .  Lowers  
-XS,  D r .  C a r t e r  
- Y  
- R ,  M r .  McDaniel  
- R A P  
- R B ,  M r .  Croxton 
- R B L D  
- R B T  

No .  of Copies  

20  

4 

5 

1 

1 

1 

5 

1 
1 
1 
1 
1 
1 
1 

10 
8 

11 



UN c LASSIFIED 
Security Classification 

DOCUMENTCONTROLDATA- RlLD 
(Secunty c laas l l ica trm Of t i t le body of abstract and rndexmg ennoterron must be entered when the overel l  r ~ p r t  IS clessrf,er') I 1 ORIGINATING A C T I V I T Y  Corporate author) 2 a  R E P O R T  S E C U R I T Y  c L A S S I F I C A T I O N  

Red stone Sc ie n t i h  c Information C ent e r 
Research and Development Directorate . Unclassified 
U. S. Army Missile Command 2 b  G R O U P  

COMMENTS ON "WAVE DAMPIG COMPUTATION FOR A VISCOUS LIQUID I '  
OF FINITE DEPTH, I '  BY F. BIESEL, LA HOUILLE BLANCHE, NO. 5, 630-634 1 
(1949) La Houille Blanche, No. 1,  75- 79 (1956) 

Translated f rom the French 
4 4 DESCRIPTIVE NOTES (Type  of report and rncluarve dates)  

5 AUTHOR(S) (Last name first name inltral) 

?a T O T A L N O  O F  P A G E S  

Carry,  C. 

20 January 1967 

N/A 

N/A 

6. R E P O R T  DATE 

8 0 .  C O N T R A C T  OR G R A N T  N O .  

b. P R O J E C T N O  

C .  

7 6  N O  O F R E F S  

d .  

I O .  A V A  I L  A B I L I T Y / L I M I T A T I O N  NOTICES 

damping coefficient it was necessary to repeat entirely the calculation that was 
made for spacial damping. 
showed definitely that the second order t e r m s  given by the energy method were 

This delicate calculation was carr ied out by Carry  who 

of the energy balance method. 

is not the case and that the conclusions with respect  to  the existence and important? 
The calculations by Carry which a r e  independent of that method show that that 

\ __. 11 
9 6 .  O R I G I N A T O R ' S  R E P O R T  N U M B E R ( S )  

R SIC- 6 3 7 

9 6 .  O T H E R  R E P O R T  N q S )  ( A n y  othernumbers thet may asstgned 
t h i s  report) 

Each transmittal of this document outside the agencies of the U. S. Government 
must have prior approval of this Command, ATTN: AMSMI-RBT. B 

B 
1 1 .  SUPPLEMENTARY NOTES 

None 

12. SPONSORING M I L i T A R Y  A C T I V I T Y  

Same as  No. 1 



--- Securi ty  C l a s s i f i c a t i o n  
14. 

K E Y  WORDS 

Spacial damping 
Timet damping of a wave 
Hydrostatic pr e s sur  e 
Finite depth 

INSTFZICTION 

1. ORIGINATING ACTIVITY Enter the name and address  
>f the  contractor, subcontractor, grantee, Department of De- 
‘ense activity or other organization (corporate author) issuing 
he report. 
la .  REPORT SECUATY CLASSIFICATION: Enter the over- 
311 security c lassi f icat ion of the report. Indicate whether 
‘Restricted Data” is included 
ance with appropriate security regulations. 
Zb. GROUP: Automatic downgrading is specified i n  DoD Di- 
,ect ive 5200.10 and Armed Forces  Industrial Manual. Enter 
he group number. Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 a s  author- 
ized. 

3. REPORT T I T L E  Enter the complete report t i t le  in a l l  
:apital letters. T i t l e s  in  all cases should b e  unclassified. 
[f a meaningful t i t le  cannot be selected without classifica- 
ion, show t i t le  c lass i f icat ion in  all capi ta ls  in  parenthesis  
immediately following the title. 
t. DESCRIPTIVE NOTES: i f  appropriate, enter the type of 
‘eport, e.g., interim, progress, summary, annual, or final. 
Z i v e  the inclusive da tes  when a specif ic  reporting period is 
:overed. 

5. AUTHOR(S): Enter the name($ of author(s) a s  shown on 
)r in  the  report. Enter l a s t  name, f i rs t  name, middle initial. 
:f military, show rank and branch of service. The name of 
.he principal author is an absolute minimum requirement. 

5. REPORT D A T E  Enter the date  of the report a s  day, 
nonth, year; or month, year. If more than one date  appears  
>n the report, u s e  d a t e  of publication. 
?a. TOTAL NUMBER O F  PAGES T h e  total page count 
jhould follow normal pagination procedures, i.e., enter t h e  
lumber of pages  containing information, 

7b. NUMBER O F  REFERENCES Enter the total number of 
’eferences ci ted in the report. 
3a. CONTRACT OR GRANT NUMBER If appropriate, enter 
:he appl icable  number of the  contract or grant under which 
:he report was  written, 
36. &, & Ed. PROJECT NUMBER Enter the  appropriate 
nildtary department identification, such as project number. 
subproject number, system numbers, task number, etc. 
2 8 .  ORIGINATOR’S REPORT NUMBER(S): Enter the offi- 
zial report number by which the document will be  identified 
and controlled by t h e  originating activity. 
3 8  unique to th i s  report. 
3b. OTHER REPORT NUMBER(S): If the  report has  been 
assigned any other  report numbers (either b y  the originator 
or b y  the sponsor), a lso  enter this number(s). 

Marking is to b e  in  accord- 

This  number must 

L I N K  A LIE!K I LINK C 

R O L E  __ 
- 

W T  R O L E  

0. AVAILABILITY/LIMITATION NOTICES Enter any lim- 
tations on further dissemination of the report, other than thost 
mposed by security classification, using standard statements 
iuch as: 

(1) 

( 2 )  

(3) 

“Qualified requesters may obtain copies  of th i s  
report from D D C ”  
“Foreign announcement and dissemination of this  
report by DDC is not authorized” 
“U. S. Government agenc’ies may obtain copies  of 
th i s  report directly from DDC. Other qualified DDC 
users  shal l  request through 

(4) “U. S. military agencies  may obtain copies  of this  
report directly from DDC Other qualified users  
shall request through 

(5) “All distribution of t h i s  report is controlled Qual- 
ified DDC users  shall request through 

If the  report h a s  been furnished to the Office of Technical 
Services, Department of Commerce, for s a l e  to the public, ind. 
cate  this fact and enter the  price, i f  known, 
11. SUPPLEMENTARY NOTES: Use for additional explana- 
tory notes. 
12. SPONSORING MILITARY ACTIVITY Enter the name of 
the departmental project office or  laboratory sponsoring ( p a y  
ing for) the  research and development. Include address. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may a l so  appear elsewhere in the body of the technical re- 
port. If additional space  is required, a continuation sheet  
shall be  attached. 

It is highly desirable that the abstract of c lass i f ied re- 
ports be  unclassified. Each paragraph of the abstract shal l  
end with an indication of the military security classification 
of the information in the paragraph, represented a s  (Ts), (s), 
(C), or W). 

There is no limitation on the length of the abstract. HOW- 
ever, the suggested length i s  from 150 to 225 words. 
14. KEY WORDS: Key words a re  technically meaningful term! 
or short phrases that characterize a report and may be used a!  
index entries for cataloging the report. 
selected so that no security class’ification is required. Iden- 
fiers, such as equipment model designation, trade name, v i l i -  
tary project code name, geop;raphic location, may be used a s  
key words but will be  followed by an indication of technical 
context.  
omional. 

Key words must be  

The  assignment of links, rules, and weights i s  

UNCLASSIFIED 
13  

Securi ty  Classification 



DD FORM 1473 

13. Abs t r ac t  (Concluded)  

of the  t e r m  i n  v1/2 r e m a i n  unchanged. When the speed of the  wave on 
the  bot tom becomes  apprec iab le ,  th i s  t e r m  p redomina te s .  The  t e r m  
becomes  negligible only when the  depth is g r e a t e r  than 1 / 2  the  wave 
length,  and when, as  a r e s u l t ,  the speed  on the  bot tom is l e s s  than 
a few pe rcen t  of the speed on the s u r f a c e .  

h 

14  


